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INTRODUCTION 


ABSTRACT 


Globally, declines in freshwater biodiversity have been recognized to be far greater than 
those in marine or terrestrial realms. And like the rest of tropical Asia, the Philippine 
freshwater ecosystems and their biodiversity have been neglected. Our goals in this 
review are to provide indications where further research is needed, what systems are 
underrepresented and which organisms have been neglected. In this study, we 
determined the current knowledge on freshwater ecosystems in the country through critical 
evaluation of available peer-reviewed literature. A structured search on studies on 
Philippine freshwater systems published from January 1988 to December 2012 was 
performed using the Thomson Reuter’s Web of Science and Zoological Records. A total of 
281 papers that have directly assessed Philippine freshwater systems and/or have actually 
collected and examined aquatic organisms from these systems were included in the 
review. More than 70% of the papers were produced solely by local researchers or with 
international collaborators. There was a significant steady increase in Philippine 
freshwater studies, with systematics (105 papers) and freshwater fish (78 papers) being 
the most frequently studied research area and organism, respectively. Rivers (116 studies) 
and lakes (112 studies) are still the most frequently studied freshwater systems. Among 
the papers reviewed, Luzon freshwater systems were the focus of most studies with 
Laguna de Bay being the most researched. Freshwater systems in the Visayas and 
Mindanao received little research attention. Finally, we presented a four-point research 
agenda, the results of which could form the basis for policy or management decisions to 
aid future conservation and sustainable management of freshwater ecosystems and their 
biodiversity in the Philippines. 


Dudgeon et al., 2006). The low priority given to freshwater 
research and the indifference of the public on freshwater 


Globally, freshwater species and their habitats are the most 
imperilled compared to their terrestrial and marine 
counterparts (Abell et al., 2008; Dudgeon, 2010). Indeed, 
recent study reveals that between 1970 and 2010, freshwater 
species population has decline more rapidly (76%) than the 
terrestrial (39%) or marine (39%) species (WWF, 2014). 


Freshwater biodiversity in tropical Asia has been neglected 


compared to its temperate counterpart (Dudgeon, 2000a; 
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ecosystems in addition to the rapid pace of development 
and the growing human population have contributed to the 
degradation of freshwater ecosystems and loss of 
biodiversity in the Oriental region (Dudgeon, 2000b). This 
situation is mirrored in the Philippines where few studies 
have been done on its freshwater biodiversity such as 
aquatic insects (Cariaso, 1997; but see Freitag, 2004, 
2013), molluscs (Pagulayan, 1997) and freshwater fishes 
(Mercene, 1997; but see Bucol and Carumbana, 2010; 
Paller et al., 2011) in spite of their richness and diversity. 
Equally, there appears to be a conspicuous lack of 
research on the ecology of Philippine wetlands compared 
to lakes and the marine ecosystems which are used for 
aquaculture and fisheries. 


Moreover, tropical Asia has high rates of deforestation and 
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forest degradation which has been linked to species declines 
and extinctions in terrestrial biota (Sodhi et al., 2009, 
2010a,b). Undoubtedly, riparian forest clearance has 
influenced stream community structure and ecosystem 
functioning (e.g., Jowett et al., 2009; Riipinen et al., 2009; 
Hladyz et al., 2011), but empirical evidence is scarce or 
poorly reported in the Philippines on how freshwater 
ecosystems and their organisms respond to human-driven 
changes in the surrounding landscape. Correspondingly, the 
Philippines lag behind other Asian countries in using 
biological communities as indicator of conditions in freshwater 
ecosystems (Morse et al., 2007; but see David, 2003). Many 
countries with protective water law and regulatory framework 
are assessing and monitoring changes in water quality, 
physical habitat and surrounding catchments based on 
sentinel organisms (Barbour & Paul 2010, Birk et al. 2012). 
Regrettably, assessment of water quality in the country still 
emphasizes chemical and physical measures despite the 
passage of Republic Act No. 9275, also known as the 
Philippine Clean Water Act of 2004. 


Recent reviews on researches on freshwater ecosystems and 
their biodiversity have been done on a global (Dudgeon et al., 
2006; Vörösmarty et al., 2010), regional (i.e., continental; 
Nguyen and De Silva, 2006; Darwall et al., 2011) and local 
scales (i.e., country-wide; Alcocer and Bernal-Brooks, 2010; 
Ball et al., 2013); but none in the Philippines (although see 
review on Lake Taal by Papa and Mamaril, 2011). A review of 
the past research is warranted to determine the “real” state of 
our current knowledge on freshwater ecosystems in the 
Philippines. These studies will provide indications where 
further research is needed, what systems are 
underrepresented and which organisms have been neglected; 
thus aiding in the development of management policies and 
practices for the conservation and sustainable use of these 
endangered ecosystems upon which over 100 million Filipinos 
rely. 


SCOPE OF REVIEW 


Using a structured search through the online search engines 
Thomson Reuters’ Web of Science (WoS) and Zoological 
Records (ZR), we examined studies on Philippine freshwater 
ecosystems published in the last 25 years (from 1 January 
1988 to 31 December 2012, inclusive). Our search query was: 
TOPIC = ([Philippine or Philippines] AND [freshwater OR lake 
OR river OR stream OR creek OR groundwater OR wetland 
OR marsh OR swamp OR pond OR reservoir OR 
phytotelmata]). 


Additionally, we look at citations in papers identified in the 


initial searches, including review papers (Davies, 1997; Papa 
and Mamaril, 2011) to capture studies that have been 
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published but not indexed in the databases that we 
searched. We read the abstracts of all the papers that 
emerged and selected for review those primary studies (not 
reviews) that have directly assessed Philippine freshwater 
system and/or those that have actually collected and 
examined aquatic organisms from this system. 
Consequently, we did not include systematics studies (e.g. 
Kohler and Glaubrecht, 2001; Takeda and Ng, 2001) based 
on the examination of type materials from museum 
collections abroad. We then read each paper in the 
candidate list and removed those that had been erroneously 
retrieved by the search algorithm (e.g., studies in locations 
other than the Philippines). 


From a total of 1576 search results, 281 research papers 
satisfied the criteria for inclusion in the review. We 
acknowledge that our dataset of studies is not exhaustive. 
Nonetheless, by focusing on studies published in WoS- and 
ZR-indexed journals we are able to capture a full picture of 
freshwater research in the Philippines for the past 25 years. 


WHAT KIND OF RESEARCH HAS BEEN CONDUCTED? 


Studies on Philippine freshwater ecosystems showed a 
number of interesting patterns. For example, there has been 
a generally steady increase in the number of papers 
published annually from 1988 to 2012 with the highest 
number of publications in the last 3 years (Fig. 1). 
Accordingly, the mean (+ standard error) annual publication 
over the last 25 years was 12.12 (+ 1.86) papers or simply 1 
paper per month. Additionally, when compared to studies by 
foreign researchers, studies by local researchers increased 
in the last decade (Table 1). Equally, papers jointly authored 
by local and foreign researchers considerably improved. 
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Figure 1. Number of studies on Philippine freshwater ecosystems 
published in the Thomson Reuter’s Web of Science- and Zoological 
Records-indexed journals from 1988 to 2012. 
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Table 1. Total number of studies on a 5-year basis authored by local researchers, foreign researchers or both. 





Year Local Foreign Collaboration Total 
1988-1992 11 4 3 18 
1993-1997 10 13 30 
1998-2002 14 23 11 48 
2003-2007 23 21 30 74 
2008-2012 60 14 37 111 

Total (% of total) 118 (42) 75 (27) 88 (31) 281 





Types of ecosystems 

Across all years, 114 out of 281 studies have been conducted 
in lotic systems (e.g. streams, rivers, creeks), 101 studies in 
lentic systems (e.g. lakes, ponds), nine studies in 
groundwater and wastewater, three in wetlands and 40 
studies in a combination of lentic, lotic and groundwater 
systems. The remaining 14 studies did not specify the system 
they investigated. However, based on the number of papers 
for a single type of ecosystem, rivers and lakes are still the 
most frequently studied freshwater systems with 116 and 112 
studies, respectively (Fig. 2). Phytotelmata, wetlands, 
subterranean systems and falls are significantly less 
represented, having less than 10 studies each. Note that 
several of the studies considered in this review covered more 
than one ecosystem and thus will not add up to 281 when 
totaled. 


River 





Lake 


Stream 


Creek 


Reservoir/Dam 

Groundwater, well, wastewater 
Spring 

Pond 

Falls 

Cave 


Wetland, swamp 





Phytotelmata 





i i j 
60 100 120 
Number of studies 


N 
S 


40 80 


Figure 2. Number of studies per freshwater ecosystem type. 


Geographic distribution 

Among the 281 papers reviewed, 194 papers (69.0%) 
focused solely on sites found in Luzon, 40 papers (14.2%) in 
the Visayas, and 22 papers (7.8%) in Mindanao. In addition, 
nine papers (3.2%) covered all three major islands and 12 
papers (4.3%) in at least two of the island groups. As with the 
types of ecosystems, 4 studies (1.4%) did not specify the 
location. 
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The 15 most frequently studied freshwater systems in the 
country comprised 201 studies. Laguna de Bay, the largest 
lake in the country, appeared in 53 of these studies whereas 
Lake Taal appeared in 25 studies (Table 2). These lakes 
together with the Puerto Princesa Subterranean River 
National Park, Pasig River, Cagayan River Basin and Lake 
Lanao were the research sites in more than 10 studies (Fig 
3). The rest of the research sites had 5-9 studies (Table 2). 
Only Lake Lanao and Lake Sebu are not found in Luzon. 
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Figure 3. Number of studies per research area. 
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Table 2. Fifteen most studied freshwater systems in the Philippines. 





Site Province No. studies 
Laguna de Bay Laguna 53 
Lake Taal Batangas 25 
Puerto Princesa Subterranean River National Park Palawan 14 
Pasig River Metro Manila 12 
Lake Lanao Lanao del Sur 11 
Lake Sampaloc Laguna 9 
Mt. Makiling Forest Reserve Laguna 9 
Pagsanjan-Lumban Catchment Laguna 9 
Pampanga River Basin Pampanga 8 
Angat Dam Bulacan 7 
Lake Paoay Ilocos Norte 7 
Marikina River Metro Manila and Rizal 7 
Pasig-Potrero River Basin Pampanga 7 
Lake Buhi Camarinse Sur 6 
Lake Sebu South Cotobato 5 
Research areas 


Studies done in the past 25 years were wide ranging, with 13 
research areas under which the 281 studies were categorized 
(Fig. 4). As with the ecosystem types, several of the studies 
dealt with more than one field of research. Systematics 
(which, for the purpose of this review, includes taxonomy, 
biology and life history, and biogeography) was the topic of 
105 papers, the highest number was observed in 2007 (12 of 
21 total studies for that year) and 2011 (15 of 38 total studies) 
(Table 3). Although two papers on systematics that were 
found through the search has been published way back in the 
early 1990s (Ng, 1991; Stock, 1991), there has been at least 
one systematics-related paper published every year since. In 
fact, an average increase of 5.7 (+ 0.9) papers per year was 
observed from 1996 to 2012. This may be attributed to the 
correspondingly increasing number of taxonomic descriptions 
using morphological characteristics, molecular data or both. 
Interestingly, 41.0% of the systematics-related papers were 
by foreign authors while only 31.40% were by researchers 
based in the Philippines (data not shown). The remaining 
27.6% were collaborations between foreign and local 
researchers, the earliest of which was by Balete and Holthuis 
(1992) on a cave shrimp. However, it was only until the study 
of Primavera (1996) on the diet of penaeid shrimps in riverine 
mangrove and the study of Pagulayan et al. (1997) on littoral 
fishes of Lake Taal that papers on systematics were 
published solely by local scientists; at least, during the period 
covered in this review. 
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Climate change/greenhouse gas emissions 


Second to systematics in terms of number of studies was 
water quality and quantity, with 60 studies (Fig. 4). Aside 
from measuring water quality parameters such as pH, 
dissolved oxygen, temperature, etc., 19 studies correlated 
the values of several physicochemical parameters with 
various freshwater organisms (e.g., Cuvin-Aralar et al., 2004; 
Aquino et al., 2008). Studies under water quantity, on the 
other hand, concerned flooding (e.g., Abon et al., 2012), 
drought (e.g., Jaranilla-Sanchez et al., 2011), and water 
productivity (e.g., Hafeez et al., 2007). 
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Figure 4. Number of studies for each major organism group. 
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Table 3. Number of studies by research area by year. 


Research area 
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Biodiversity and conservation was the third most popular 
research area. Among the 46 studies under this field, only 10 
papers were published from 1988 to 2000 (Table 3). 
However, starting 2001, at least 1 paper was published 
annually. The highest number of publications (9 papers) in a 
year was observed in 2010, the International Year of 
Biodiversity. Indices used in biodiversity studies include the 
Shannon index (H’), Pielou’s evenness (J’), Simpson’s index 
(A) and S@rensen’s index of similarity (QS). A total of 15 
studies indicated a list of species and/or species richness, 
while only 8 had information on species endemicity and/or 
conservation status (e.g., Regodos and Schoppe, 2005). 
Conservation studies focused on freshwater crocodiles (van 
de Ven et al., 2009; van der Ploeg et al., 2011), turtles 
(Regodos and Schoppe, 2005; Diesmos et al., 2008), the 
endemic cyprinid Puntius lindog (Ismail and Escudero, 2011), 
and otters (Castro and Dolorosa, 2006). Thirty studies had 
study sites found in Protected Areas, 24 of which also 
concerned Key Biodiversity Areas (KBAs), critical KBAs 
(cKBAs), New Conservation Areas of the Philippines Project, 
Project NOAH (Nationwide Operational Assessment of 
Hazards) river basins, and Ramsar List of Wetlands of 
International Importance, but only 6 mentioned the sites’ 
protected area status. Among the papers, only Jumawan et 
al. (2011) and Papa et al. (2012) focused on the occurrence 
of invasive species in Philippine freshwater systems. For a 
recent review on the impacts of introduced freshwater fishes 
in the country, see Guerrero (2014). 


Other research areas which had 18-39 studies were 
ecotoxicology, geology, modeling, resource management and 
aquaculture (Table 3). Studies on biomarkers (e.g., Hallare et 
al., 2005, Beltran and Pocsidio, 2010) and sediment quality 
(e.g., Isobe et al., 2004) were placed under ecotoxicology, 
while studies on sedimentation (e.g., Liu et al., 2009) and 
stream geochemistry (e.g., Rae et al., 2011) were considered 
under geology. Subtopics under modeling included river flow 
forecasting (Madsen and Skotner, 2005), risk assessment in 
surface waters (McAvoy et al., 2003), and flood reconstruction 
(Abon et al., 2011). Sustainable development, rehabilitation 
of freshwater systems (Malmgren-Hansen et al., 1998) as well 
as their economic value (e.g., Briones, 2012) fell under 
resource management, while most of the studies on 
aquaculture focused on tilapia (Oreochromis niloticus) (e.g., 
Santiago, 1993, 1994; Cuvin-Aralar et al., 2012). All four 
preceding research areas had the highest number of studies 
from 2008 to 2012. 


Climate change, biomonitoring, fish health, bioremediation, 
and method development were the least-studied areas of 
research with less than 10 studies each. Within the last 25 
years, papers on biomonitoring (e.g., David, 2003; Flores and 
Zafaralla, 2012) and bioremediation (e.g., Parungao et al., 
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2007; Nacorda et al., 2010) on Philippine freshwater 
ecosystems started to appear only in 2002 (Galope-Bacaltos 
and San Diego-McGlone, 2002) and 2006 (Baysa et al., 
2006), respectively. Fish health studies discussed the 
occurrence, transmission, description and/or effects of 
parasitic worms (e.g., de la Cruz and Paller, 2012), fungi 
(Callinan et al., 1995), and viruses (Lio-Po et al., 2003) on 
economically-important fish. Topics under climate change 
include the assessment of climate change impacts on water 
balance (e.g., Brown and Carriquiry, 2007), the effects of 
climate change on water resources (e.g., Jose et al., 1996), 
and greenhouse gas emissions (Maraseni et al., 2010). With 
only two studies, methods development appears to be the 
least studied area; however, it may be due to the fact that 
most methods in freshwater ecology have been established 
early on, at least in the temperate region (Wetzel and Likens, 
2000; Hauer and Lamberti, 2007). Nonetheless, the first 
methods development study was the modification of an 
emergence trap for use in several streams in Palawan 
(Freitag, 2004), while the second one was on the 
modification of analytical procedure for the determination of 
pesticide residues in soil and river water samples from 
northern Luzon (Cid et al., 2006). 


Types of organisms 

Among the 11 major groups of organisms considered in the 
studies covered in this review, fish are the most frequently 
studied (Fig. 5). The highest number of studies related to fish 
was observed in 2011. Fish were differentiated from other 
vertebrates (represented by crocodiles, turtles, frogs, snakes 
and otters) to see if the number of studies on the former was 
considerably larger. This was also the case for insects and 
other invertebrates. Considerably less studied than fish and 
invertebrates are benthic algae (e.g., Sly et al., 1993), 
phytoplankton (e.g., Baldia et al., 2003), parasites and 
pathogens (e.g., Cone et al., 1995), macrophytes (e.g., 
Baysa et al., 2006) and bacteria (e.g., Parungao et al., 
2007), with less than 10 studies each (Fig. 5). As with 
research areas, several of the studies discussed more than 
one group of organisms. 





Fish 

Invertebrates other than insects 

Insects 

Fungi 

Other vertebrates (turtles, frogs, snakes) 


Zooplankton 


Phytoplankton 
Algae/Periphyton 


Parasite/Pathogen/Enterovirus 





Macrophytes 
Bacteria i 
i i i 
20 30 40 50 60 70 80 
Number of studies 





B peee 


Figure 5. Geographic distribution of the 281 studies. 
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WHAT To Do NEXT? 


These past 25 years, majority of the research on Philippine 
freshwater ecosystems focused on Luzon systems. Further 
studies must therefore be conducted in the Visayas and 
Mindanao freshwater ecosystems. Additionally, more 
attention should be given to less-represented fields of 
research such as methods development, fish health, 
bioremediation, biomonitoring and the effects of climate 
change on freshwater ecosystems. 


Given the rate of biodiversity loss in freshwater ecosystems, 
we agree with Dudgeon (2000a) that we do not have the 
luxury of unlimited time for further studies. And to ensure 
effective protection of the freshwater ecosystems, their 
biodiversity and the services they provide to humanity, 
parallel efforts are therefore needed. While proactive 
conservation and management actions based on existing 
ecological information must be applied now, specific 
ecological research to address knowledge gaps must also 
continue. The results of which could form the basis for policy 
or management decisions to aid future conservation and 
sustainable management of freshwater ecosystems and their 
biodiversity in the Philippines. 


Here, we presented a four-point research agenda for 
consideration by researchers from the academe and resource 
managers from implementing agencies, nongovernmental 
organizations and private institutions involved in watershed 
management and water quality monitoring programs. 


Biodiversity studies 

Our review showed that fishes are the well-studied group and 
fish systematics comprised most of these studies. The 
availability of exceptionally rich collection of identification tools 
on fishes of the Philippines (e.g., Conlu, 1986; Broad, 2003) 
and of Southeast Asia (e.g., Allen et al., 1999; Kottelat et al., 
1993) may have contributed to the increased research on 
fishes. While invertebrates (other than insects and 
zooplanktons) and insects are the second and third most 
studied groups, respectively, there is a lack of consolidated 
reference or monograph that can serve as_ standard 
taxonomic guide for the Philippines similar to that of Merritt et 
al.'s (2008) An Introduction to the Aquatic Insects of North 
American or Yule and Yong’s (2004) Freshwater 
Invertebrates of Malaysian Region. But we do have a 
monograph for the Philippine Zooplankton (Mamaril, 1986), 
which benefitted many of our young researchers. 
Nevertheless, the existing taxonomic keys on insects and 
other invertebrates are widely scattered and need to be 
updated and integrated. An informative and comprehensive 
illustrated guide on freshwater invertebrates of the Philippines 
is crucial in the identification of these organisms and thus 
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contribute in the development of the biomonitoring program 
in the country. This illustrated guide will also serve as a form 
of information, educational and communication (IEC) 
material for non-experts including resource managers, 
teachers, students, volunteers and other appropriate 
stakeholders who will be involved in the implementation of 
biomonitoring system for freshwater ecosystems (see 
Biomonitoring below). 


Indeed, ecological research, in addition to taxonomic studies 
and development of identification tools, must be done in the 
above organisms and even more so with the least studied 
groups (algae, bacteria, parasites and macrophytes). Basic 
ecological information such as knowledge on the structure of 
freshwater communities in relatively undisturbed sites 
remains very incomplete. Such information on algae, 
plankton, benthic macroinvertebrate and fish fauna in the 
country’s few remaining intact, pristine forest ecosystems 
can be used as reference to compare organisms’ responses 
to human disturbance gradient and thus indicate their 
potential utility for biological assessment and monitoring. 
Furthermore, data from longer-term ecological studies on 
freshwater biodiversity will help establish spatial and 
temporal variations and separate changes caused by human 
impacts (‘signal’) from those due to natural processes 
(‘noise’). Better understanding of the responses of 
freshwater organisms to environmental changes can help in 
the management and conservation of these species and 
ultimately the freshwater ecosystems within and even 
outside protected area management. 


Impact of current protected area regime on freshwater 
ecosystems and their biodiversity 

While there have been several studies on freshwater 
systems found in PAs, KBAs and cKBAs including Ramsar 
and other heritage sites, none of the studies directly assess 
the effectiveness of the protected area management system 
in conserving freshwater species in a manner similar to that 
of Chessman (2013a) for the Australia's Murray-Darling 
Basin or to that of Suurkuukka et al. (2014) for the Woodland 
key habitats in northern Europe. The Philippine National 
Integrated Protected Area System (NIPAS), currently on its 
24" year of implementation, provides the legal framework for 
the protection of critical watersheds that are essential for the 
conservation of biodiversity. Sadly, the Philippines with its 
170 terrestrial PAs has “...no overall systematic data on 
impacts - whether there is improvement in biophysical 
condition of PAs, quality of life of communities, or increased 
benefits to the country” (UNDP et al., 2012; p. 18). Such 
studies will guide planners, resource and park managers on 
how best to design protected areas to maximize its benefits 
in conserving the country’s biodiversity. We do not know if 
the current protected areas, which are often delineated 
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based on terrestrial vertebrates and vascular plants (Abell et 
al. 2007, Heino et al. 2009; Darwall et al., 2011), are 
ecologically representative and thus optimally protect (Pimm 
et al. 2014) our freshwater biodiversity. Recent assessment in 
continental Africa showed that current conservation strategies 
based on better-known terrestrial species are not providing 
adequate protection for freshwater ecosystems and the 
ecosystem services they provide (Darwall et al., 2011). We 
hope that in the design and establishment of future protected 
areas and the planned expansion of protected terrestrial area 
network in the country, freshwater species are not 
underrepresented and that protection of these species will not 
be based on groups that are poor surrogates (sensu Darwall 
et al., 2011). 


Climate change and freshwater ecosystems 

Climate change has profound effects on freshwater 
ecosystems (Allan et al., 2005; Döll and Zhang, 2010; 
Woodward et al., 2010). Moreover, climate change is 
expected to exacerbate other stressors on ecosystems such 
as habitat fragmentation, loss and conversion, over- 
exploitation, invasive alien species and pollution (UNDP et al., 
2012). Correspondingly, climate change is considered as the 
leading threat to global biodiversity and the functioning of 
local ecosystems (Woodward et al., 2010). 


The impacts of climate change on biodiversity and water 
resources in tropical Asia are key areas of concern (IPCC 
2001) as climate change affects rainfall distribution which 
ultimately affects runoff to freshwater ecosystems. Increased 
occurrence of extreme floods and droughts also intensifies 
the seasonal and annual amplitudes of water-level fluctuation 
in lakes, reservoirs and other wetlands (Abrahams, 2008; 
Zohary and Ostrovsky, 2011). 


Our understanding of the effects of these changes on 
Philippine freshwater ecosystems and their biodiversity is 
limited. Modeling efforts based on variation in stream flow, 
precipitation, evapotranspiration and other related processes 
have recently been made to fully capture the hydrologic 
responses corresponding to various land use and climate 
change scenarios in the country (Combalicer et al., 2010, 
Combalicer and Im, 2012). In particular, the impacts of 
climate change on water balance reflect dramatic fluctuations 
in hydrologic events leading to high evaporation losses and 
decreases in stream flow such as in the Mt. Makiling forest 
watershed (Combalicer et al., 2010). Moreover, a study on the 
Pantabangan-Carranglan watershed reveals increasing 
frequency in the occurrence of drought associated with El 
Niño episodes over the last 20 years (Lasco et al., 2010). 
These authors also reported variability in the onset of rainy 
season that has become a common event in the 
Pantabangan-Carranglan watershed since 2000. These 
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changes in climatic patterns coupled with water management 
decisions are expected to directly influence the ecological 
functioning and biodiversity patterns of the reservoir and its 
river tributaries (Lasco et al., 2010). Indeed, the 
Pantabangan reservoir experiences reduced water quality at 
low water levels and thus affecting its biodiversity 
(Magbanua et al., 2015). 


Evidence that climate change threatens many freshwater 
species with extinction continues to grow (Chessman, 
2013b). Nonetheless, empirical evidence on how freshwater 
biodiversity responds to reduced flow in streams, or warming 
in the case of lakes, caused by intensified land use and 
climate change is scarce or poorly reported in the 
Philippines. Additionally, the consequences of climate 
change on Philippine freshwater biodiversity are not clear 
due to lack of accurate metrics by which to assess the true 
magnitude of these changes. Given that climate regimes 
appear to be changing rapidly, the collection of longer-term 
biological and environmental data related to stream flow and 
lake thermal stratification and the subsequent monitoring of 
key sites is imperative and should be undertaken as soon as 
possible. 


Biomonitoring and the Philippine Biotic Index 

The diversity of aquatic life represents the ultimate indicator 
of the conditions in the aquatic ecosystems (Morin et al., 
2010). Consequently, biomonitoring or the use of responses 
of aquatic organisms to identify, evaluate and monitor 
changes in water quality, changes in physical habitat, and 
changes to surrounding watersheds (Reece and Richardson, 
2000; Bae et al., 2005). Often, these changes are due to 
anthropogenic activities. 


Biomonitoring is widely used in North America (e.g., Lavoie 
et al., 2014; Justus et al., 2016), Europe (e.g., Birk et al., 
2012; Cortes et al., 2013), South America (e.g., Baptista et 
al., 2013; Dedieu et al., 2015), Africa (e.g. Ollis et al., 2006; 
Kaaya et al., 2015), Australia (e.g., Chessman et al. 1999; 
Chessman et al., 2007) and New Zealand (e.g., Gray & 
Harding, 2012; Lear et al., 2012), and is an integral part of 
government programs that monitor the quality of water 
resources. Amongst the key freshwater organisms, benthic 
macroinvertebrates are the most commonly used organisms 
for assessing the biological integrity of streams and rivers 
(Rosenberg and Resh, 1993; Bonada et al., 2006). The use 
of macroinvertebrates for monitoring water quality has 
increased in East Asia particularly in China (Morse et al., 
1994; Taowu et al., 2008; Li et al., 2010), Japan (Kawai, 
1985; Kawai and Tanida, 2005), South Korea (Bae et al., 
2005; Jun et al., 2012), Malaysia (Azrina et al., 2006; Al- 
Shami et al., 2010, 2011), Mongolia (Morse et al., 2007; 
Maasri and Gelhaus, 2012), Asian Russia (Schletterer et al., 
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2010, 2011), Thailand (Mustow, 2002; Boonsoong et al., 
2009), Indonesia (Trihadiningrum et al., 1996; Sudaryanti et 
al., 2001), Taiwan (Hu et al., 2007; Narangarvuu et al., 2014), 
Vietnam (Davidson et al., 2006; Nguyen et al., 2014), and 
more recently in Singapore (Blakely et al., 2014; Clews et al., 
2014). 


Sound management of aquatic ecosystems should be based 
on careful analysis of physical, chemical and biological 
integrity (Fausch ef a/ 1984). Historically, the Philippines 
have been measuring physicochemical variables to assess 
and monitor environmental and water quality of freshwater 
ecosystems. Moreover, the country lacks an established 
system of aquatic bioindicators to help evaluate watershed 
quality and thus preserve freshwater biodiversity and biotic 
integrity. A tolerance-based index with tolerance values 
developed specifically for the local fauna should perform well 
for the Philippines (B.C. Chessman, University of New South 
Wales, pers. comm.). Indeed, the formulation of a diagnostic 
biotic index based on tolerance values of stream 
macroinvertebrate families can be done and proved to be 
sensitive to effects of land use (Deborde et al., 2016). Clearly, 
this biotic index needs to be modified and improved further as 
its application expands to other Philippine streams. A similar 
index can be developed for lakes, reservoirs and other lentic 
ecosystems. It is envisaged that these indices will serve as a 
standard tool to objectively compare the state of freshwater 
ecosystems across the country and thus addressing a specific 
gap in the implementation of the Philippine Clean Water Act, 
which is the assessment and monitoring of biological integrity 
of aquatic ecosystems. 


THE PHILIPPINE SOCIETY FOR FRESHWATER SCIENCES (PSFS) 


Finally, there is a great need to enhance freshwater science 
in the Philippines by training more scientists, students, and 
local resource managers for effective assessment, 
monitoring, management, and restoration. A network for 
freshwater science practitioners will help promote 
collaboration rather than duplication of research, sharing of 
capabilities and resources, and most importantly mainstream 
data publishing. 


Through this network, a set of standardized field and 
laboratory protocols as well as biomonitoring systems may be 
developed to help make future studies more comparable. 
These standards may then be implemented by national 
government agencies, local government units, 
nongovernmental organization, and private institutions in their 
respective watershed and = environmental management 
programs. 


ACKNOWLEDGEMENTS 

This review was funded by the University of the Philippines 
Center for Integrative and Development Studies (under the 
program From Genes to Ecosystems: Understanding 
Biodiversity at Various Scales, Knowledge Generation and 
Knowledge Management for Science-Based Conservation 
Policy) and the Philippine Commission on Higher Education 
(under the Biodiversity and Resilience R&D, Communication 
and Capability-building Program for the Philippines). 


LITERATURE CITED 

Abell, R., J.D. Allan and B. Lehner. 2007. Unlocking the 
potential of protected areas for freshwaters. Biological 
Conservation, 134(1): 48-63. 

Abell, R., M.L. Thieme, C. Revenga, M. Bryer, M. Kottelat, N. 
Bogutskaya, B. Coad, N. Mandrak, S.C. Balderas, W. 
Bussing, M.L.J. Stiassny, P. Skelton, G.R. Allen, P. 
Unmack, A. Naseka, R. Ng, N. Sindorf, J. Robertson, E. 
Armijo, J.V. Higgins, T.J. Heibel, E. Wikramanayake, D. 
Olson, H.L. Lopez, R.E. Reis, J.G. Lundberg, M.H.S. 
Perez and P. Petry. 2008. Freshwater ecoregions of the 
world: a new map of biogeographic units for freshwater 
biodiversity conservation. BioScience, 58(5): 403-414. 

Abon, C.C., C.P.C. David and N.E.B. Pellejera. 2011. 
Reconstructing the tropical storm Ketsana flood event in 
Marikina River, Philippines. Hydrology and Earth System 
Sciences, 15(4): 1283-1289. 

Abon, C.C., C.P.C. David and G.Q.l. Tabios. 2012. 
Community-based monitoring for flood early warning 
system: An example in central Bicol River basin, 
Philippines. Disaster Prevention and Management, 21(1): 
85-96. 

Abrahams, C. 2008. Climate change and lakeshore 
conservation: a model and review of management 
techniques. Hydrobiologia, 613(1): 33-43. 

Alcocer, J. and F.W. Bernal-Brooks. 2010. Limnology in 
Mexico. Hydrobiologia, 644(1): 15-68. 

Allan, J.D., M.A. Palmer and L.N. Poff. 2005. Climate change 
and freshwater ecosystems. In: T.E. Lovejoy and L. 
Hannah (Eds), Climate Change and Biodiversity. New 
Haven, CT, Yale University Press. Pp. 272-290. 

Allen, G., R. Swainston and J. Ruse. 1999. Marine Fishes of 
South-East Asia: A Field Guide for Anglers and Divers. 
Periplus Editions, Ltd., Singapore. 292 pp. 

Al-Shami, S., C.S.M. Rawi, S.A.M. Nor, A.H. Ahmad and A. 
Ali. 2010. Morphological deformities in Chironomus spp. 
(Diptera: Chironomidae) larvae as a tool for impact 
assessment of anthropogenic and environmental stresses 
on three rivers in the Juru River System, Penang, 
Malaysia. Environmental Entomology, 39(1): 210-222. 

Al-Shami, S.A., C.S. Md Rawi, A.H. Ahmad, S. Abdul Hamid 
and S.A. Mohd Nor. 2011. Influence of agricultural, 


industrial, and anthropogenic stresses on the distribution 


© Association of Systematic Biologists of the Philippines 


Volume 11 Issue 1 - 2017 | 9 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


and diversity of macroinvertebrates in Juru River Basin, 
Penang, Malaysia. 
Safety, 74(5): 1195-1202. 

Aquino, M.R.Y., C.D. Cho, M.A.S. Cruz, M.A.G. Saguiguit and 
R.D.S. Papa .2008. Zooplankton composition and diversity 


in Paoay Lake, Luzon Is., Philippines. Philippine Journal of 


Science, 137(2): 169-177. 

Azrina, M.Z., C.K. Yap, A.R. Ismail, A. Ismail and S.G. Tan. 
2006. Anthropogenic impacts on the distribution and 
biodiversity of benthic macroinvertebrates and water 
quality of the Langat River, Peninsular Malaysia. 
Ecotoxicology and Environmental Safety, 64(3): 337-347. 

Bae, Y., H. Kil and K. Bae. 2005. Benthic macroinvertebrates 


for uses in stream biomonitoring and restoration. KSCE 


Journal of Civil Engineering, 9: 55-63. 

Baldia, S.F., M.C.G. Conaco, T. Nishijima, S. Imanishi and 
K.I. Harada. 2003. Microcystin production during algal 
bloom occurrence in Laguna de Bay, the Philippines. 
Fisheries Science, 69(1): 110-116. 

Balete, D.S. and L.B. Holthuis. 1992. Notes on the cave 
shrimp Edoneus atheatus Holthuis, 1978, with an account 
of its type locality and habits (Decapoda, Caridea, 
Atyidae). Crustaceana, 62(1): 98-101. 

Ball, J.E., L.A. Beche, P.K. Mendez and V.H. Resh. 2013. 
Biodiversity in Mediterranean-climate streams of California. 
Hydrobiologia, 719(1): 187-213. 

Baptista, D.F., A.L. Henriques-Oliveira, R.B.S. Oliveira, R. 
Mugnai, J.L. Nessimian and D.F. Buss. 2013. 
Development of a benthic multimetric index for the Serra 


da Bocaina bioregion in Southeast Brazil. Brazilian Journal 


of Biology, 73(3): 573-583. 

Barbour, M.T. and M.J. Paul. 2010. Adding value to water 
resource management through biological assessment of 
rivers. Hydrobiologia, 651(1): 17-24. 

Baysa, M.C., R.R.S. Anuncio, M.L.G. Chiombon, J.P.R. Dela 
Cruz and J.R.O. Ramelb. 2006. Lead and cadmium 
contents in /pomoea aquatica Forsk. grown in Laguna de 
Bay. Philippine Journal of Science, 135(2): 139-143. 

Beltran, K.S. and G.N. Pocsidio. 2010. Acetylcholinesterase 
activity in Corbicula fluminea Mull., as a biomarker of 
organophosphate pesticide pollution in Pinacanauan River, 
Philippines. Environmental Monitoring and Assessment, 
165(1-4): 331-340. 

Birk, S., W. Bonne, A. Borja, S. Brucet, A. Courrat, S. 
Poikane, A. Solimini, W.V. van de Bund, N. Zampoukas 
and D. Hering. 2012. Three hundred ways to assess 
Europe's surface waters: an almost complete overview of 
biological methods to implement the Water Framework 
Directive. Ecological Indicators, 18: 31-41. 

Blakely, T.J., H.S. Eikaas and J.S. Harding. 2014. The 
Singscore: a macroinvertebrate biotic index for assessing 
the health of Singapore’s streams and canals. Raffles 
Bulletin of Zoology, 62: 540-548. 


© Association of Systematic Biologists of the Philippines 


Ecotoxicology and Environmental 


Bonada, N., N. Prat, V.H. Resh and B. Statzner. 2006. 
Developments in aquatic insect biomonitoring: a 


comparative analysis of recent approaches. Annual 
Review of Entomology, 51: 495-523. 
Boonsoong, B., N. Sangpradub and M.T. Barbour. 2009. 


Development of rapid bioassessment approaches using 
benthic macroinvertebrates for Thai streams. 
Environmental Monitoring and Assessment, 155(1-4): 129 
-147. 

Briones, N.D. 2012. Resource charge pricing for Laguna 
Lake's raw surface water (Philippines). Asia Life 
Sciences, 21(1): 189-202. 

Broad, G. 2003. Fishes of the Philippines: A Guide to 
Identification of Families. Voluntary Service Overseas, UK 
and Anvil Publishing, Inc., Pasig City, Philippines. 510 pp. 

Brown, C. and M. Carriquiry. 2007. Managing 
hydroclimatological risk to water supply with option 
contracts and reservoir index insurance. Water Resources 
Research, 43, W11423, doi:10.1029/2007WR006093. 

Bucol, A.A. and E.E. Carumbana. 2010. Checklist of fishes 
found in the fresh and brackish waters of Negros and 
Siquijor, Philippines. Asían Journal of Biodiversity, 1(1): 
91-125. 

Callinan, R.B., J.O. Paclibare, M.G. Bondad-Reantaso, J.C. 
Chin and R.P. Gogolewski. 1995. Aphanomyces species 
associated with epizootic ulcerative syndrome (EUS) in 
the Philippines and red spot disease (RSD) in Australia: 
preliminary comparative studies. Diseases of Aquatic 

Organisms, 21(3): 233-238. 

Castro, L.S.G. and R.G. Dolorosa. 2006. Conservation 
status of the Asian small-clawed otter Ambionyx cinereus 
(Illiger, 1815) in Palawan, Philippines. Philippine 
Scientist, 43: 69-76. 

Cariaso, B.L. 1997. Freshwater insects in the Philippines: a 
review. In: Guerrero R.D. Ill, A. Tisico-Calper & L.C. 
Darvin (eds), Aquatic Biology Research and 
Development in the Philippines: Proceedings of the First 
National Symposium-Workshop on Aquatic Biology R&D. 
Philippine Council for Aquatic and Marine Research and 
Development, Los Bafios, Laguna. Pp. 43-52. 

Chessman, B.C. 2013a. Do protected areas benefit 
freshwater species? a broad-scale assessment for fish in 
Australia's Murray-Darling Basin. Journal of Applied 
Ecology, 50(4): 969-976. 

Chessman B.C. 2013b. Identifying species at risk from 
climate change: traits predict the drought vulnerability of 
freshwater fishes. Biological Conservation, 160: 40-49. 

Chessman, B., |. Growns, J. Currey and N. Plunkett-Cole. 
1999. Predicting diatom communities at the genus level 
for the rapid biological assessment of rivers. Freshwater 
Biology, 41(2): 317-331. 

Chessman, B., S. Williams and C. Besley. 2007. 
Bioassessment of streams with macroinvertebrates: 


Volume 11 Issue 1 - 2017 | 10 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


effect of sampled habitat and taxonomic resolution. 
Journal of the North American Benthological Society, 26 
(3): 546-565. 

Cid, A.P., F.R. del Mundo and M.P.B. Espino. 2006. A 
modified analytical procedure for the determination of 
carbaryl, carbofuran and methomyl residues in agricultural 
soil and river water samples from La Trinidad, Benguet 
and Aurora, Isabela, Philippines. Philippine Agricultural 
Scientist, 89(1): 71-84. 

Clews, E., E.W. Low, C.C. Belle, P.A. Todd, H.S. Eikaas and 
P.K.L. Ng. 2014. A pilot macroinvertebrate index of the 
water quality of Singapore's reservoirs. Ecological 
Indicators, 38: 90-103. 

Combalicer E.A., R.V.O. Cruz, S. Lee and S. Im. 2010. 
Assessing climate change impacts on water balance in 
the Mount Makiling forest, Philippines. Journal of Earth 
System Science, 119: 265-283. 

Combalicer E.A. and S. Im. 2012. Change anomalies of 
hydrologic responses to climate variability and land-use 


changes in the Mt. Makiling Forest Reserve. Journal of 


Environmental Science and Management, Special Issue: 1 
1-13. 

Conlu, P.V. 1986. Fishes. In: Guide to Philippine Flora and 
Fauna, Volume 9. Natural Resources Management 
Center, Ministry of Natural Resources and the University 
of the Philippines, Quezon City, Philippines. 495 pp. 

Cone, D.K., J.R. Arthur and M.G. Bondad-Reantaso. 1995. 
Description of 2 new species of Gyrodactylus 
Vonnordmann, 1832 (Monogonea) from cultured Nile 
tilapia, Tilapia nilotica (Cichlidae), in the Philippines. 
Journal of the Helminthological Society of Washington, 62 
(1): 6-9. 

Cortes, R.M.V., S.J. Hughes, V.R. Pereira and S.d.G.P. 
Varandas. 2013. Tools for bioindicator assessment in 
rivers: the importance of spatial scale, land use patterns 
and biotic integration. Ecological Indicators, 34: 460-477. 

Cuvin-Aralar, M.L.A., U. Focken, K. Becker and E.V. Aralar 
(2004). Effects of low nitrogen-phosphorus ratios in the 
phytoplankton community in Laguna de Bay, a shallow 
eutrophic lake in the Philippines. Aquatic Ecology, 38: 387 
-401. 

Cuvin-Aralar, M.L., P. Gibbs, A. Palma, A. Andayog and L. 
Noblefranca. 2012. Skip feeding as an alternative strategy 
in the production of Nile tilapia Oreochromis niloticus 
(Linn.) in cages in selected lakes in the Philippines. 
Philippine Agricultural Scientist, 95(4): 378-385. 

Darwall, W.R.T., R.A. Holland, K.G. Smith, D. Allen, E.G.E. 
Brooks, V. Katarya, C.M. Pollock, Y. Shi, V. Clausnitzer, 
N. Cumberlidge, A. Cuttelod, K.-D.B. Dijkstra, M.D. Diop, 
N. Garcia, M.B. Seddon, P.H. Skelton, J. Snoeks, D. 
Tweddle and J.-C. Vié. 2011. Implications of bias in 
conservation research and investment for freshwater 
species. Conservation Letters, 4(6): 474-482. 


© Association of Systematic Biologists of the Philippines 


David, C.P.C. 2003. Establishing the impact of acid mine 
drainage through metal bioaccumulation and taxa 
richness of benthic insects in a tropical Asian stream 
(The Philippines). Environmental Toxicology and 
Chemistry, 22(12): 2952-2959. 

Davies, J. 1997. Diversity and endemism in Philippine inland 
waters: implications for conservation and management. 
Sylvatrop, T(1-2): 55-70. 

Davidson, S.P., T. Kunpradid, Y. Peerapornisal, T.M.L. 
Nguyen, B. Pathoumthong, C. Vongsambath and A.D. 
Pham. 2006. Biomonitoring of the Lower Mekong and 
selected tributaries. MRC Technical Paper 13. Mekong 
River Commission, Vientiane. 106 pp. 

Deborde, D.D.D., M.B.M. Hernandez and F.S. Magbanua., 
2016. Benthic macroinvertebrate community as indicator 
of stream health: effects of land use on stream benthic 
macroinvertebrates. Science Diliman, 28(2): 5-25. 

Dedieu, N., S. Clavier, R. Vigouroux, P. Cerdan and R. 
Céréghino. 2015. A multimetric macroinvertebrate index 
for the implementation of the European Water 
Framework Directive in French Guiana, East Amazonia. 
River Research and Applications, 32(3):501-515. 

de la Cruz, C.P.P. and V.G.V. Paller. 2012. Occurrence of 
Neoechinorhynchus sp. (Acanthocephala: 
Neoechinorhynchidae) in cultured Tilapia, [Oreochromis 
niloticus (L.), Perciformes: Ciclidae] from Sampaloc 
Lake, Philippines. Asia Life Sciences, 21(1): 287-298. 

Diesmos, A.C., R.M. Brown, A. Alcala and R.V. Sison. 2008. 
Status and distribution of nonmarine turtles of the 
Philippines. Che/onian Conservation and Biology, 7(2): 
157-177. 

Döll, P. and J. Zhang. 2010. Impact of climate change on 
freshwater ecosystems: a global-scale analysis of 
ecologically relevant river flow alterations. Hydrology and 
Earth System Sciences, 14(5): 783-799. 

Dudgeon, D. 2000a. The ecology of tropical Asian rivers and 
streams in relation to biodiversity conservation. Annual 
Review of Ecology and Systematics, 31: 239-263. 

Dudgeon, D. 2000b. Conservation of freshwater biodiversity 
in Oriental Asia: constraints, conflicts, and challenges to 
science and sustainability. Limnology, 1(3): 237-243. 

Dudgeon, D., A.H. Arthington, M.O. Gessner, Z.I. Kawabata, 
D.J. Knowler, C. Leveque, R.J. Naiman, A.H. Prieur- 
Richard, D. Soto, M.L.J. Stiassny and C.A. Sullivan. 
2006. Freshwater biodiversity: importance, threats, 
status and conservation challenges. Biological Reviews, 
81: 163-182. 

Dudgeon, D. 2010. Prospects for sustaining freshwater 
biodiversity in the 21st century: linking ecosystem 
structure and function. Current Opinion in Environmental 
Sustainability, 2: 422-430. 

Fausch, K.D., J.R. Karr and P.R. Yant. 1984. Regional 
application of an Index of Biotic Integrity based on 


Volume 11 Issue 1 - 2017 | 11 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


stream fish communities. 7ransactions of the American 
Fisheries Society, 113(1): 39-55. 

Flores, M.J.L. and M.T. Zafaralla. 2012. Macroinvertebrate 
composition, diversity and richness in relation to the water 
quality status of Mananga River, Cebu, Philippines. 
Philippine Science Letters, 5(2): 103-113. 

Freitag, H. 2004. Composition and longitudinal patterns of 
aquatic insect emergence in small rivers of Palawan 
Island, the Philippines. /nfernational Review of 
Hydrobiology, 89(4): 375-391. 

Freitag, H. 2013. Hydraena (Hydraenopsis) ateneo, new 
species (Coleoptera, Hydraenidae) and other aquatic 
Polyphaga from a small habitat patch in a_ highly 
urbanized landscape of Metro Manila, Philippines. 
Zookeys, 329: 9-21. 

Galope-Bacaltos, D.G. and M.L. San Diego-McGlone. 2002. 
Composition and spatial distribution of infauna in a river 
estuary affected by fishpond effluents. Marine Pollution 
Bulletin, 44(8): 816-819. 

Gray, D.P. and J.S. Harding. 2012. Acid Mine Drainage Index 
(AMDI): a benthic invertebrate biotic index for assessing 
coal mining impacts in New Zealand streams. New 
Zealand Journal of Marine and Freshwater Research, 46 
(3): 335-352. 

Guerrero, R.D., Ill. 2014. Impacts of introduced freshwater 
fishes in the Philippines (1905-2013): a review and 
recommendations. Philippine Journal of Science, 143(1): 
49-59. 

Hafeez, M.M., B.A.M. Bouman, N. Van de Giesen and P. 
Vlek. 2007. Scale effects on water use and water 
productivity in a rice-based irrigation system (UPRIIS) in 
the Philippines. Agricultural Water Management, 92(1-2): 
81-89. 

Hallare, A.V., R. Pagulayan, N. Lacdan, H.R. Kohler and R. 
Triebskorn. 2005. Assessing water quality in a tropical 
lake using biomarkers in zebrafish embryos: 
Developmental toxicity and stress protein responses. 
Environmental Monitoring and Assessment, 104(1-3): 171 
-187. 

Hauer, F.R. and G.A. Lamberti. 2007. Methods in Stream 
Ecology, 2nd Edition. Academic Press, Burlington, MA, 
USA. 877 pp. 

Heino, J., R. Virkkala and H. Toivonen. 2009. Climate change 
and freshwater biodiversity: detected patterns, future 
trends and adaptations in northern regions. Biological 
Reviews, 84: 39-54. 

Hladyz, S., K. Abjornsson, E. Chauvet, M. Dobson, A. 
Elosegi, V. Ferreira, T. Fleituch, M. O. Gessner, P.S. 
Giller, V. Gulis, S.A. Hutton, J.O. Lacoursiere, S. 
Lamothe, A. Lecerf, B. Malmqvist, B.G. McKie, M. 
Nistorescu, E. Preda, M.P. Riipinen, G. Risnoveanu, M. 
Schindler, S.D. Tiegs, L.B.M. Vought and G. Woodward. 
2011. Stream ecosystem functioning in an agricultural 


© Association of Systematic Biologists of the Philippines 


landscape: the importance of terrestrial-aquatic linkages. 
Advances in Ecological Research, 44: 211-276. 

Hu, T.J., H.W. Wang and H.Y. Lee. 2007. Assessment of 
environmental conditions of Nan-Shih stream in Taiwan. 
Ecological Indicators, 7(2):430-441. 

Intergovernmental Panel on Climate Change [IPCC]. 2001. 
Climate change 2001: impacts, adaptation, and 
vulnerability. Contribution of Working Group Il to the 
Third Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, 
Cambridge. 

Ismail, G.B. and P.T. Escudero. 2011. Threatened fishes of 
the world: Puntius lindog Herre, 1924 (Cyprinidae). 
Environmental Biology of Fishes, 91(1): 117-118. 

Isobe, K.O., M.P. Zakaria, N.H. Chiem, L.Y. Minh, M. 
Prudente, R. Boonyatumanond, M. Saha, S. Sarkar and 
H. Takada. 2004. Distribution of linear alkylbenzenes 
(LABs) in riverine and coastal environments in South and 
Southeast Asia. Water Research, 38(9): 2449-2459. 

Jaranilla-Sanchez, P.A., L. Wang and T. Koike. 2011. 
Modeling the hydrologic responses of the Pampanga 
River basin, Philippines: a quantitative approach for 
identifying droughts. Wafer Resources Research, 47, 
W03514, doi:10.1029/2010WRO009702. 

Jose, A.M., R.V. Francisco and N.A. Cruz. 1996. A study on 
impact of climate variability/change on water resources 
in the Philippines. Chemosphere, 33(9): 1687-1704. 

Jowett, I.G., J. Richardson, and J.A.T. Boubee. 2009. Effects 
of riparian manipulation on stream communities in small 
streams: two case studies. New Zealand Journal of 
Marine and Freshwater Research, 43(3): 763-774. 

Jumawan, J.C., B.M. Vallejo, A.A. Herrera, C.C. Buerano 

and 1|.K.C. Fontanilla. 2011. DNA barcodes of the 
suckermouth sailfin catfish Pterygoplichthys (Siluriformes: 
Loricariidae) in the Marikina River system, Philippines: 
Molecular perspective of an invasive alien fish species. 
Philippine Science Letters, 4(2): 103-113. 

Jun, Y.C., D.H. Won, S.H. Lee, D.S. Kong and S.J. Hwang. 
2012. A multimetric benthic macroinvertebrate index for 
the assessment of stream biotic integrity in Korea. 
International Journal of Environmental Research and 
Public Health, 9(10): 3599-3628. 

Justus, B.G., D.R.L. Burge, J.M. Cobb, T.D. Marsico and J.L. 
Bouldin. 2016. Macroinvertebrate and diatom metrics as 
indicators of water-quality conditions in connected 
depression wetlands in the Mississippi Alluvial Plain. 
Freshwater Science, 35(3): 1049-1061. 

Kaaya, L.T., J.A. Day and H.F. Dallas. 2015. Tanzania River 
Scoring System (TARISS): a macroinvertebrate-based 
biotic index for rapid bioassessment of rivers. African 
Journal of Aquatic Science, 40(2): 109-117. 

Kawai, T. 1985. An illustrated book of aquatic insects of 
Japan. Tokyo, Japan: Tokai University Press. 


Volume 11 Issue 1 - 2017 | 12 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


Kawai, T. and K. Tanida. 2005. Aquatic insects of Japan: keys 
to families, genera and species. Hadano, Kanagawa, 
Japan: Tokai University Press. 

Kohler, F. and M. Glaubrecht. 2001. Toward a systematic 
revision of the Southeast Asian freshwater gastropod 
Brotia H. Adams, 1866 (Cerithioidea : Pachychilidae): an 
account of species from around the South China Sea. 
Journal of Molluscan Studies, 67: 281-318. 

Kottelat, M., A.J. Whitten, S.N. Kartikasari and S. 
Wirjoatmodjo. 1993. Freshwater Fishes of Western 
Indonesia and Sulawesi. Periplus Editions, Ltd., Jakarta, 
Indonesia. 219 pp + 84 pp plates. 

Lasco R.D., R.V.O. Cruz, J.M. Pulhin and F.B. Pulhin. 2010. 
Assessing climate change impacts, adaptation and 
vulnerability: the case of the Pantabangan-Carranglan 
watershed, World Agroforestry Centre (ICRAF) and 
College of Forestry and Natural Resources (CFNR), 
University of the Philippines Los Baños (UPLB). 95 pp. 

Lavoie, l., S. Campeau, N. Zugic-Drakulic, J. G. Winter and C. 
Fortin. 2014. Using diatoms to monitor stream biological 
integrity in Eastern Canada: an overview of 10 years of 
index development and ongoing challenges. Science of 
The Total Environment, 475: 187-200. 

Lear, G., P.Y. Ancion, J. Harding and G.D. Lewis. 2012. Use 
of bacterial communities to assess the ecological health 
of a recently restored stream. New Zealand Journal of 
Marine and Freshwater Research, 46(3): 291-301. 

Li, F., Q. Cai and L. Ye. 2010. Developing a benthic index of 
biological integrity and some relationships to 
environmental factors in the subtropical Xiangxi River, 
China. /nternational Review of Hydrobiology, 95(2): 171- 
189. 

Lio-Po, G.D., L.J. Albright, G.S. Traxler and E.M. Leaño. 
2003. Horizontal transmission of epizootic ulcerative 
syndrome (EUS)-associated virus in the snakehead 
Ophicephalus striatus under simulated natural conditions. 
Diseases of Aquatic Organisms, 57(3): 213-220. 

Liu, Z., Y. Zhao, C. Colin, F.P. Siringan and Q. Wu. 2009. 
Chemical weathering in Luzon, Philippines from clay 
mineralogy and major-element geochemistry of river 
sediments. Applied Geochemistry, 24(11): 2195-2205. 

Maasri, A. and J. Gelhaus. 2012. Stream invertebrate 
communities of Mongolia: current structure and expected 
changes due to climate change. Aquatic Biosystems, 8: 
18-18. 

Madsen, H. and C. Skotner. 2005. Adaptive state updating in 
real-time river flow forecasting—a combined filtering and 
error forecasting procedure. Journal of Hydrology, 308(1- 
4): 302-312. 

Magbanua, F.S., N.Y.B. Mendoza, C.J.C. Uy, C.D. Matthaei 
and P.S. Ong. 2015. Water physicochemistry and benthic 
macroinvertebrate communities in a tropical reservoir: the 
role of water level fluctuations and water depth. 


© Association of Systematic Biologists of the Philippines 


Limnologica - Ecology and Management of Inland 
Waters, 55: 13-20. 

Malmgren-Hansen, A., M. Madsen and K. Havno. 1998. 
Rehabilitation of the Pasig River in Manila, the 
Philippines: scoping, priorities and planning. Leiden, A.A. 
Balkema Publishers. 

Mamaril, A.C. Sr. 1986. Zooplankton. In: Guide to Philippine 
Flora and Fauna, Volume 7. Natural Resources 
Management Center, Ministry of Natural Resources and 
the University of the Philippines, Quezon City. Pp. 1-78. 

Maraseni, T.N., S. Mushtag, M. Hafeez and J. Maroulis. 
2010. Greenhouse gas implications of water reuse in the 
Upper Pampanga River Integrated Irrigation System, 
Philippines. Agricu/tural Water Management, 97(3): 382- 
388. 

McAvoy, D.C., P. Masscheleyn, C. Peng, S.W. Morrall, A.B. 
Casilla, J.M.U. Lim and E.G. Gregorio. 2003. Risk 
assessment approach for untreated wastewater using 
the QUAL2E water quality model. Chemosphere, 52(1): 
55-66. 

Mercene, E.C. 1997. Freshwater fishes of the Philippines. In: 
Guerrero R.D. Ill, A. Tisico-Calper & L.C. Darvin (eds), 
Aquatic Biology Research and Development in the 
Philippines: Proceedings of the First National 
Symposium-Workshop on Aquatic Biology R&D. 
Philippine Council for Aquatic and Marine Research and 
Development, Los Baños, Laguna. Pp. 81-105. 

Merritt, R.W., KW. Cummins and M.B. Berg. 2008. An 
Introduction to the Aquatic Insects of North America, 4" 
edition. Kendall Hunt Publishing Company, Dubuque, IA, 
USA. 1158 pp. 

Morin, S., S. Pesce, A. Tlili, M. Coste and B. Montuelle. 
2010. Recovery potential of periphytic communities in a 
river impacted by a vineyard watershed. Ecological 
/ndicators, 10: 419-426. 

Morse, J.C., L. Yang and L. Tian. 1994. Aquatic insects of 
China useful for monitoring water quality. Hohai 
University Press, Nanjing. 

Morse, J.C., Y.J. Bae, G. Munkhjargal, N. Sangpradub, K. 
Tanida, T.S. Vshivkova, B. Wang, L. Yang and C.M. 
Yule. 2007. Freshwater biomonitoring with 
macroinvertebrates in East Asia. Frontiers in Ecology 
and the Environment, 5(1): 33-42. 

Mustow, S.E. 2002. Biological monitoring of rivers in 
Thailand: use and adaptation of the BMWP score. 
Hydrobiologia, 479(1): 191-229. 

Nacorda, J.0.0., M.R. Martinez-Goss and N.K. Torreta. 
2010. Bioremoval and bioreduction of chromium (VI) by 
the green microalga, Chlorella vulgaris, Beij., isolated 
from Laguna de Bay, Philippines. Philippine Journal of 
Science, 139(2): 181-188. 

Narangarvuu, D., C.-B. Hsu, S.-H. Shieh, F.-C. Wu and P.-S. 
Yang. 2014. Macroinvertebrate assemblage patterns as 


Volume 11 Issue 1 - 2017 | 13 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


indicators of water quality in the Xindian watershed, 
Taiwan. Journal of Asia-Pacific Entomology, 17(3):505- 
513. 

Ng, P.K.L. 1991. On two species of Archipelothelphusa Bott, 
1969 (Crustacea: Decapoda: Brachyura: 
Sundathelphusidae) from Luzon, Philippines. Zoo/ogische 
Mededelingen, 65: 13-24. 

Nguyen, H.H., G. Everaert, W. Gabriels, T.H. Hoang and 
P.L.M. Goethals. 2014. A multimetric macroinvertebrate 
index for assessing the water quality of the Cau river 
basin in Vietnam. Limnologica - Ecology and 
Management of Inland Waters, 45:16-23. 

Nguyen, T.T.T. and S.S. De Silva. 2006. Freshwater finfish 
biodiversity and conservation: an Asian perspective. 
Biodiversity and Conservation, 15(11): 3543-3568. 

Ollis, D.J., H.F. Dallas, K.J. Esler and C. Boucher. 2006. 
Bioassessment of the ecological integrity of river 
ecosystems using aquatic macroinvertebrates: an 


overview with a focus on South Africa. African Journal of 


Aquatic Science, 31(2): 205-227. 

Pagulayan, R.C. 1997. Update on freshwater mollusc 
research in the Philippines. In: Guerrero R.D. Ill, A. Tisico 
-Calper & L.C. Darvin (eds), Aquatic Biology Research 
and Development in the Philippines: Proceedings of the 
First National Symposium-Workshop on Aquatic Biology 
R&D. Philippine Council for Aquatic and Marine Research 
and Development, Los Baños, Laguna. Pp. 69-80. 

Pagulayan, R.C., N.C. Lopez and F.S. Magbanua. 1997. 
Littoral fishes of Lake Taal. Sy/vatrop, 7(1-2): 84-95. 

Paller, V.G.V., B.V. Jr. Labatos, B.M. Lontoc, O.E. Matalog 
and P.P Ocampo. 2011. Freshwater fish fauna in 
watersheds of Mt. Makiling Forest Reserve, Laguna, 
Philippines. Philippine Journal of Science, 140(2): 195- 
206. 

Papa, R.D.S. and A.C. Mamaril. 2011. History of the 
biodiversity and limno-ecological studies on Lake Taal 
with notes on the current state of Philippine limnology. 
Philippine Science Letters, 4(1): 1-10. 

Papa, R.D.S., H.M. Li, D.T. Tordesillas, B.P. Han and H.J. 


Dumont. 2012. Massive invasion of Arctodiaptomus 
dorsalis (Copepoda, Calanoida, Diaptomidae) in 
Philippine lakes: a threat to Asian zooplankton 


biodiversity? Biological Invasions, 14(12): 2471-2478. 

Parungao, M.M., P.S. Tacata, C.R.G. Tanayan and L.C. 
Trinidad. 2007. Biosorption of copper, cadmium and lead 
by copper-resistant bacteria isolated from Mogpog River, 
Marinduque. Philippine Journal of Science, 136(2): 155- 
165. 

Pimm, S.L., C.N. Jenkins, R. Abell, T.M. Brooks, J.L. 
Gittleman, L.N. Joppa, P.H. Raven, C.M. Roberts and 
J.O. Sexton. 2014. The biodiversity of species and their 
rates of extinction, distribution, and protection. Science, 
344(6187). 


© Association of Systematic Biologists of the Philippines 


Primavera, J.H. 1996. Stable carbon and nitrogen isotope 
ratios of penaeid juveniles and primary producers in a 
riverine mangrove in Guimaras, Philippines. Bulletin of 
Marine Science, 58(3): 675-683. 

Rae, A.J., D.R. Cooke and K.L. Brown. 2011. The trace 
metal chemistry of deep geothermal water, Palinpinon 
geothermal field, Negros Island, Philippines: implications 
for precious metal deposition in epithermal gold deposits. 
Economic Geology, 106(8): 1425-1446. 

Reece, P.F. and J.S. Richardson. 2000. Biomonitoring with 
the reference condition approach for the detection of 
aquatic ecosystems at risk. In: L.M. Darling (ed), 
Proceedings of the Biology and Management of Species 
and Habitats at Risk. Vancouver, British Columbia. Pp. 
15-19. 

Regodos, I.C. and S. Schoppe. 2005. Local knowledge, use, 
and conservation status of the Malayan softshell turtle 
Dogania subplana_ (Geoffroy 1809) (Testudines: 
Trionychidae) in southern Palawan, Philippines. 
Sylvatrop, 15(1-2): 113-128. 

Riipinen, M.P., J. Davy-Bowker and M. Dobson. 2009. 
Comparison of structural and functional stream 
assessment methods to detect changes in riparian 
vegetation and water pH. Freshwater Biology, 54(10): 
2127-2138. 

Rosenberg, D.M. and V.H. Resh. 1993. Freshwater 
biomonitoring and benthic macroinvertebrates. Chapman 
and Hall, New York. 488 pp. 

Santiago, A.E. and R.P. Arcilla. 1993. Tilapia cage culture 
and the dissolved oxygen trends in Sampaloc Lake, the 
Philippines. Environmental Monitoring and Assessment, 
24(3): 243-255. 

Santiago, A.E. 1994. The ecological impact of tilapia cage 
culture in Sampaloc Lake, Philippines. Manila, Asian 
Fisheries Society. 

Schletterer, M., L. Fureder, V.V. Kuzoviev and M.A. Beketov. 
2010. Testing the coherence of several 
macroinvertebrate indices and environmental factors in a 
large lowland river system (Volga River, Russia). 
Ecological Indicators, 10(6): 1083-1092. 

Schletterer, M., M. Schonhuber and L. Fureder. 2011. 
Biodiversity of diatoms and macroinvertebrates in an 
east European lowland river, the Tudovka River (Tver 
Region, Russia). Boreal Environment Research, 16(2): 
79-90. 

Sly, P.G., M.N. Charlton and S.R. Joshi. 1993. Results of 
exploratory coring in Laguna Lake, Philippines. 
Hydrobiologia, 257(3): 153-164. 

Sodhi, N.S., T.M. Lee, L.P. Koh, and B.W. Brook. 2009. A 
meta-analysis of the impact of anthropogenic forest 
disturbance on Southeast Asia's biotas. Biotropica, 41 
(1): 103-109. 

Sodhi, N.S., L.P. Koh, R. Clements, T.C. Wanger, J.K. Hill, 


Volume 11 Issue 1 - 2017 | 14 


Philippine Journal of Systematic Biology | Magbanua F.S. et al.: 25 Years of Freshwater Research in the Philippines 


K.C. Hamer, Y. Clough, T. Tscharntke, M.R.C. Posa and 
T.M. Lee. 2010a. Conserving Southeast Asian forest 


Mariano municipality, Luzon, Philippines. Conservation 
Evidence, 6: 111-116. 


biodiversity in human-modified landscapes. Biological van der Ploeg, J., R.R. Arano and M. van Weerd. 2011. 


Conservation, 143(10): 2375-2384. 

Sodhi, N.S., M.R.C. Posa, T.M. Lee, D. Bickford, L.P. Koh 
and B.W. Brook. 2010b. The state and conservation of 
Southeast Asian biodiversity. 
Conservation, 19(2): 317-328. 

Stock, J.H. 1991. A new species of Psammogammarus 
(Amphipoda, Melitidae) from river alluvia in Luzon, 
Philippines. Stygo/logia, 6(4): 227-233. 

Sudaryanti, S., Y. Trihadiningrum, B.T. Hart, P.E. Davies, C.L. 
Humphrey, R. Norris, J.C. Simpson and L. Thurtell. 2001. 
Assessment of the biological health of the Brantas River, 
East Java, Indonesia using the Australian River 


Assessment System (AUSRIVAS) methodology. Aquatic 


Ecology, 35(2):135-146. 

Suurkuukka, H., R. Virtanen, V. Suorsa, J. Soininen, L. 
Paasivirta and T. Muotka. 2014. Woodland key habitats 
and stream biodiversity: does small-scale terrestrial 
conservation enhance the protection of stream biota? 
Biological Conservation, 170, 10-19. 

Takeda, M. and P.K.L. Ng. 2001. The freshwater crab fauna 
(Crustacea, Brachyura) of the Philippines: VI. A new 
cavernicolous crab from Mindanao. Zoological Science, 
18(8): 1123-1127. 

Taowu, M., H. Qinghui, W. Hai, W. Zijian, W. Chunxia and H. 
Shengbiao. 2008. Selection of benthic macroinvertebrate- 
based multimetrics and preliminary establishment of 
biocriteria for the bioassessment of the water quality of 
Taihu Lake, China. Acta Ecologica Sinica, 28(3): 1192- 
1200. 

Trihadiningrum, Y., N. De Pauw, I. Tjondronegoro, and R.F. 
Verheyen. 1996. Use of benthic macroinvertebrates for 
water quality assessment of the Blawi river (East Java, 
Indonesia). In: Schiemer, F. and K.T. Boland (eds.), 
Perspectives in tropical limnology. SPB Academic 
Publishing, Amsterdam, The Netherlands. Pp. 199-221. 

United Nations Development Programme, Department of 
Environment and Natural Resources-Protected Areas and 
Wildlife Bureau and Ateneo School of Government 
[UNDP, DENR-PAWB and ASoG]. 2012. Communities in 
Nature: State of Protected Areas Management in the 
Philippines. Philippine Department of Environment and 
Natural Resources-Protected Areas and Wildlife Bureau, 
Ateneo School of Government and the United Nations 
Development Programme - Global Environment Facility. 
49 pp. 

van de Ven, W.A.C., J.P. Guerrero, D.G. Rodriguez, S.P. 
Telan, M.G. Balbas, B.A. Tarun, M. van Weerd, J. van der 
Ploeg, Z. Wijtten, F.E. Lindeyer and H.H. de longh. 2009. 
Effectiveness of head-starting to bolster Philippine 
crocodile Crocodylus mindorensis populations in San 


© Association of Systematic Biologists of the Philippines 


Biodiversity and 


What local people think about crocodiles: challenging 
environmental policy narratives in the Philippines. 
Journal of Environment & Development, 20(3): 303-328. 

Vörösmarty, C.J., P.B. McIntyre, M.O. Gessner, D. Dudgeon, 
A. Prusevich, P. Green, S. Glidden, S.E. Bunn, C.A. 
Sullivan, C.R. Liermann and P.M. Davies (2010). Global 
threats to human water security and river biodiversity. 
Nature, 467 (7315): 555-561. 

Wetzel, R.G. and G.E. Likens. 2000. Limnological analyses, 
3" edn. New York, Springer. 

Woodward, G., D.M. Perkins and L.E. Brown. 2010. Climate 
change and freshwater ecosystems: impacts across 
multiple levels of organization. Philosophical 
Transactions of the Royal Society B, 365: 2093-2106 

WWF. 2014. Living Planet Report 2014: species and spaces, 
people and places. McLellan R., L. lyengar, B. Jeffries & 
N. Oerlemans (eds). WWF, Gland, Switzerland. 

Yule, C.M. and H.S. Yong (Eds). 2004. Freshwater 
Invertebrates of the Malaysian Region. Academy of 
Sciences Malaysia, Kuala Lumpur, Malaysia. 861 pp. 

Zohary, T. and |. Ostrovsky. 2011. Ecological impacts of 
excessive water level fluctuations in stratified fresnwater 
lakes. /nland Waters, 1(1): 47-59. 


Volume 11 Issue 1 - 2017 | 15 


